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Disclaimer

The core of the RESOLVE model is written in the Python scripting language. This model
was created by E3 and was adapted for use in the CPUC’s Integrated Resource Planning
proceeding under the administration of CPUC’s Energy Division. The E3 RESOLVE Model
is free software under the terms of the GNU Affero General Public License as published
by the Free Software Foundation, either version 3 of the License, or (at your option) any

later version.

The CPUC is distributing the RESOLVE model in the hope that it will be useful, however:

NO WARRANTY OF ANY KIND, IMPLIED, EXPRESSED, OR STATUTORY, INCLUDING BUT
NOT LIMITED TO THE WARRANTIES OF NON-INFRINGEMENT OF THIRD PARTY RIGHTS,
TITLE, MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND FREEDOM FROM
COMPUTER VIRUS, IS GIVEN WITH RESPECT TO THE RESOLVE SOFTWARE INCLUDING ITS
PYTHON SCRIPTS, THE WEB PAGE HOSTING THE RESOLVE SOFTWARE OR HYPERLINKS
TO OTHER INTERNET RESOURCES.

References or links in the web site hosting the RESOLVE model to any specific commercial
products, processes, or services, or the use of any trade, firm, or corporation name are for
the information and convenience of the public, and do not constitute endorsement,
recommendation, or favoring by the CPUC, or its employees or agents. E3 and the CPUC
bear no responsibility for the consequences of any modifications to the model, including

its Python scripts, whether intentional or unintentional.






1 Introduction

1.1 Overview

RESOLVE is an optimal investment and operational model designed to inform long-term planning
guestions around renewables integration in systems with high penetration levels of renewable energy.
The model is formulated as a linear optimization problem. RESOLVE co-optimizes investment and
dispatch for a selected set of days over a multi-year horizon in order to identify least-cost portfolios for
meeting renewable energy targets and other system goals. RESOLVE also incorporates a representation
of neighboring regions in order to characterize transmission flows into and out of a main zone of interest
endogenously. RESOLVE can solve for the optimal investments in renewable resources, various energy
storage technologies, new gas plants, and gas plant retrofits subject to an annual constraint on delivered
renewable energy that reflects the RPS policy, an annual constraint on greenhouse gas emissions, a
capacity adequacy constraint to maintain reliability, constraints on operations that are based on a
linearized version of the unit commitment problem, as well as constraints on the ability to develop

specific renewable resources.

The purpose of this document is to provide users with the guidance needed to set up and run RESOLVE
and to analyze the results of scenarios once they have been completed. RESOLVE is a linear program
written in Python with Excel-based interfaces for scenario development and results processing; a
schematic of the RESOLVE environment is shown in Figure 1. While users may wish to review the raw
input and output files and Python scripts that constitute the core of RESOLVE, the RESOLVE package is
designed to allow users to run scenarios and analyze results using only the Excel-based user interfaces

for developing scenarios and viewing results.
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Figure 1. Schematic of RESOLVE modeling environment.
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The individual components of the RESOLVE modeling environment are described below:

+

RESOLVE’s User Interface (“Ul”) is an Excel workbook that includes a scenario management
dashboard and additional worksheets with key inputs to the model. The User Interface provides
users with a simple interface to develop and run scenarios through RESOLVE. After setting up

RESOLVE (see Section 2), users can begin running scenarios directly from the User Interface.

When a scenario is run from the User Interface, RESOLVE will first create a set of Input Files in
.tab format. While RESOLVE users need not manipulate or review these files directly, the

contents of these files are described in Section 3.2 for users interested in reviewing these files.

Next, the Input Files will be read into RESOLVE, a linear program written in the Python
programming language. Based on the assumptions specified in the User Interface, RESOLVE will

identify an optimal portfolio of investments across the time horizon of the analysis.

After solving the linear program, RESOLVE writes outputs to a series of raw Output Files in .csv

format.

The Results Viewer, an Excel workbook, is the main interface through which users may review
results of a completed RESOLVE run. This workbook can be used to import and view summaries
of the raw Output Files for a specific model. Section 3.2 provides a summary of functionality

included in the Results Viewer.
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+ Additionally, the Dispatch Viewer, also in Excel, is a supplementary tool that can be used to
examine the results of RESOLVE's internal production simulation model in detail. Because of the
size of raw output files related to hourly dispatch modeling, this workbook is separate from the
main Results Viewer. Section 3.3 provides an overview of how to use the Dispatch Viewer to

examine dispatch results.

+ With each model run, RESOLVE also produces a set of PCM Input Files in .csv format. These
summary files, which include both input assumptions and RESOLVE outputs, are intended to
facilitate the transfer of a complete RESOLVE case to other production simulation modeling
platforms such as PLEXOS, AURORAxmp, or GridView. The contents of the PCM Input Files are

described in Section 5.

If the user is merely interested in reviewing inputs and outputs to the pre-built RESOLVE scenarios, the
User Interface, Results Viewer, and Dispatch Viewer provide can be used directly in Excel without

installing Python or setting up RESOLVE.

1.2 Contents

The remainder of this document is organized as follows.

+ Section 2 (RESOLVE Set-Up) is a prerequisite for anyone planning to run RESOLVE. It describes

the system requirements for running RESOLVE and the set-up process.

+ Section Error! Reference source not found. (Running Scenarios in RESOLVE) provides a quick

overview of the Excel-based User Interface and Results Viewers. For users seeking only to run
RESOLVE cases and view model outputs, this section provides the necessary background to do

SO.

+ For RESOLVE users wishing to review and/or examine the core of RESOLVE (text-based input &

output files and Python-based linear program), Section Error! Reference source not found.
(RESOLVE Model Detail) provides a summary of the contents of the raw inputs and outputs as

well as the scripts that make up RESOLVE.
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+ For users seeking to adapt RESOLVE results to other modeling platforms for additional analysis,
Section 5 (Using RESOLVE Outputs in Other Models) describes the contents of RESOLVE’s PCM
Input Files package.
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2 RESOLVE Set-Up

2.1 System Requirements

Operating System: RESOLVE has been tested on both Windows and Ubuntu. It is likely that Mac OS X will

also be able to run RESOLVE.

Python: install Anaconda or another Python distribution. RESOLVE is currently written in Python version
2.x (as opposed to Python 3.x). E3 currently uses Python version 2.7.9 (64-bit). Compatibility with Python
version 3.x has not been verified. Installing a stand-alone version of Python (as opposed to installing
Anaconda or similar distribution) is not recommended because Resolve depends on other libraries that are

installed with Anaconda.

Pyomo: Pyomo can be installed on the command line by opening cmd.exe from the Start Menu and
running pip install pyomo. E3 currently uses Pyomo version 4.3 or 5.1.1. The version of Pyomo

installed on your system can be found by running on the command line pyomo --version.

Solver: CBC (a free, open-source solver) can be installed on any platform. A 64-bit version of CBC should be
installed.

For CBC on Windows, the 64-bit version of CBC is available as a stand-alone executable on the AMPL

website. Download cbc-win64.zip, unzip, and move the executable (cbc.exe) to a folder of your choosing.
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The final step is to add the folder in which cbc.exe resides to your PATH system variable, which can be

done by following these instructions. E3 has tested CBC version 2.9.7 (64-bit) on Windows 7.

For CBC on Linux or Mac OS X, install the latest version of the COIN-OR Optimization Suite.

If the user has a license, RESOLVE can also employ many common commercially available solvers, many of

which may give faster solution times than CBC. The solver Gurobi has been extensively tested by E3.

2.2 RESOLVE Set-Up

Once you have downloaded the RESOLVE code, you should see the following directories and files in

yourdirectory:

+ inputs: directory that contains scenario directories with input files for each scenario

+ resolve code: directory that contains the RESOLVE python scripts

+ .gitignore: text file with directories and files to be ignored by Git (version control software)

+ results: directory containing results directories for each scenario — will be created
automatically upon running RESOLVE.

+ results summaries: directory containing results summaries for each scenario — will be
created automatically when loading up results in the Results Viewer.

+ prod cost inputs: directory containing an output package to facilitate adaptation of

RESOLVE results in other production simulation models.
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3 Running Scenarios in RESOLVE

3.1 User Interface

The user interface (Ul) is an Excel tool that allows users to create RESOLVE inputs for specific scenarios
and run RESOLVE for these scenarios. The Dashboard is the main worksheet that the user interacts with.

It allows the user to:

+ Run a pre-defined scenario;
4+ Create a new scenario and run it; and

+ Run a batch of RESOLVE scenarios (pre-defined and/or user-defined).

Unless the user wants to change the raw input data behind any of the scenario toggles, this is the only
worksheet that the user should interact with. The other worksheets could still be useful to have a look at
the underlying data, but regular users are discouraged to change any of the underlying data itself. If the
user wants to see what data is used for a certain scenario toggle in the Dashboard, the user can go to
the appropriate data worksheet to find the associated inputs for each setting'. Note that the calculation
settings are set to manual by default, so the user should press F9 (calculate) to ensure that the formulas

and tables correctly reflect the current settings.

! If unclear which worksheets are affected by the toggle, the “trace dependents” option in Excel might be useful
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RESOLVE Dashboard
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Figure 2. Screenshot of the Dashboard of the User Interface

3.1.1 RUNNING A PRE-DEFINED SCENARIO

The RESOLVE model comes with a set of pre-defined scenarios. The dropdown menu in cell D6 of the
Dashboard lists all pre-defined scenarios. Each scenario represents a combination of scenario settings,
shown in the Scenario Settings worksheet of the User Interface. The settings can also be loaded to the

Dashboard (see below).

The user can load and run a pre-defined using the following steps:

1. Select a scenario of interest in cell D6.
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2. [Optionall Load the scenario settings for the selected scenario by pressing “Load Selected
Scenario Settings”. This macro will look up the relevant scenario settings from the Scenario
Settings worksheet, and copy paste them into the settings shown on the Dashboard. This step
allows the user to review the settings before running the scenario. The user can decide to skip

this step and simply run the model directly after selecting the scenario (see below).

3. Run the RESOLVE model for the selected scenario by pressing “Run Selected Scenario”. This
macro will run the RESOLVE model for the selected scenario. Note that before running RESOLVE,
this macro will save a set of RESOLVE input files (.tab) in a subdirectory of the inputs directory,
named after the scenario name. This requires recalculation of the spreadsheet and rerunning
the capital cost macro, which could take several minutes and slow down the user’s computer.
Once the input files are made, an external command prompt window will pop up through which
the model is run. Once the command window pops open, a RESOLVE run can take anywhere
from 20 minutes to a few hours, depending on the specific scenario being run and which solver

is being used.

SCENARIO SELECTION

Scenario | 20mmt_Ref 20170630 |

Run Selected Scenario Load 5elected Scenario 5ettings

Figure 3. Dashboard options for running a pre-defined scenario.
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3.1.2 CREATING A NEW SCENARIO

Advanced users may wish to create and run new scenarios, rather than running pre-defined scenarios.
This can be done by interacting with the Scenario Settings section of the Dashboard. The steps are as

follows:
1. Select and load a scenario of interest (for instructions, see above)

2. Customize the input toggles in the Advanced Inputs section using the available drop down
menus. Note that some inputs don’t have drop downs, but rather require the user to input a

number (e.g. the discount rate).

3. [Optional] Save the new custom scenario by pressing “Save Current Inputs as New Scenario...”.
This macro prompts the user to enter a new scenario name, and saves the current toggle
settings to this user-defined scenario name. After saving the custom scenario, it will now show
up in the dropdown menu of pre-defined scenarios. Saved scenarios and their associated

settings are also shown in the “Scenario Settings” worksheet.

4. Run the new custom scenario by pressing “Run Current Inputs...”. This macro first saves the new
custom scenario through a user-prompt (see step 3), and then runs RESOLVE for this custom
scenario. Note that before running RESOLVE, this macro will save a set of RESOLVE input files
(.tab) in a subdirectory of the inputs directory, named after the scenario name. This requires
recalculation of the spreadsheet and rerunning the capital cost macro, which could take several
minutes, and might slow down the user’s computer. Once the input files are made, an external

command prompt window will pop up through which the model is run.
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ADVANCED INPUTS - Custom Scenario Selection
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Figure 4. Dashboard options for

creating and  running

a
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customer scenario.
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3.1.3 RUNNING A BATCH OF SCENARIOS

The Batch Run module on the Dashboard allows users to run a batch of many scenarios at once. This can

be useful if a user wants to run many scenarios and does not want to wait for a scenario to finish before

running another scenario.

To run a batch of cases, follow the steps below:

1.

2.

4.

[Optional] Create and save custom scenarios. See section 3.1.1 for instructions.

Refresh the list of saved scenarios by pressing “Refresh Saved Scenarios List”. This macro lists all
scenarios, both pre-defined and custom, that are present in the “Scenario Settings” worksheet.
Note that the user first needs to save a custom scenario (see Section 3.1.2) for it to show up

here.

[Optional] If necessary, remove any scenarios you don’t want to run from the “Scenarios to Be

Run” list by using the “Remove Selected Scenario(s)” or “Remove All” Button.

a. The “Remove Selected Scenario(s)” macro will remove the selected scenario from the
list of scenarios listed under “Scenarios to be Run”. Note that in this context, selected
scenario means the cell that is selected within the “Saved Scenarios Menu” box (not the
value in cell D6). If a cell outside of this box is selected, a warning will pop up and the

macro will stop.
b. The “Remove All” macro will remove all scenarios listed under “Scenarios to Be Run”.

Add scenarios of interest to the “Scenarios to Be Run” list using the “Add Selected Scenario(s)”
or “Add All” buttons.

a. The “Add Selected Scenario(s)” macro will add the selected scenario to the list of
scenarios listed under “Scenarios to be Run”. Note that in this context, selected scenario

means the cell that is selected within the “Saved Scenarios Menu” box (not the value in
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cell D6). If a cell outside of this box is selected, a warning will pop up and the macro will

stop.

b. The “Add All” macro will add all scenarios listed under “Saved Scenarios” to the list of

scenarios listed under “Scenarios to Be Run”.

5. Run RESOLVE for all selected scenarios by pressing “Run Scenario Batch”. This macro will run
the RESOLVE model for each of the scenarios listed under “Scenarios to Be Run”. The macro will
first loop through each of the scenarios and create the RESOLVE input files (.tab). As discussed
earlier, this step could take a long time and slow down the user’s computer significantly. Once
all RESOLVE inputs are created, the model will run the cases in series through a command

prompt window.
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ADVANCED USERS - Batch Bun

Refresh Saved Scenarios List

Saved Scenarios

30mmt_Ref_20170630
30mmt_Fef_24_aaee_ 20170630
A0mmt_Ref_mid_aaee_-0170630
30mmi_Ref_high_brmpu_20170E630
30mmit_Fef_low_btmpe_20170630
30mmit_Fef_flexew 20170830
30mmt_Ref_kigh_buildelect_20T70630
F0mmit_Ref_high_pwoost_ 201706350
30mmit_Fef_high_storagecost_ 20170630
30mmit_Fef_low_pwcost_ 20170630
30mmit_Fef_low_storagecost_20170630
S0mmi_Ref_25ur_gasretirement_201706350
F0mmt_Ref_kigh_der_20770630
30mmit_Ref_high_load_20170630
30mmit_Fef_fler_challenged_ 20170830
30mmit_Fef_low_corwdr_20170630
J0mmt_Ref_no_taxcredits_ 20170630
F0mmt_Ref_nogas_201706350
30mmit_Fef_chp_retirement_20170830
30mmit_Fef_high_localreed 20170630
30mmt_Fef_zne_20170630
F0mmt_Ref_mid_tow_207170630
F0mmt_Ref_low_rtow_201T0G30
30mmit_Fef_ratemix1_ 20170630
30mmt_Fef_neo_tou_20170630
30mmt_Fef_2038_elec_20170630
S0mmi_Ref_khudragen_20170630
30mmit_Ref_no_ew_20170630
30mmit_Fef_neo_curtail 20170630
30mmt_Fef_early_ooswind_20170630
d2mmt_Ref_207170630
d2mmt_Ref_24_azes_20770630
d2mmit_Fef_mid_aaee_20170630
d2mmt_Ref_high_btmpu_20170E30
d2mmt_Fef_low_btmpe_20170630
d2mmt_Ref_flesew 20170630
d2mmt_Ref_high_buildelect_20770630
d2mmit_Fef_high_pvoost_20170630
d2mmit_Fef_high_storagecost_ 20170630
d2mmt_Fef_low_pucost_20170630
dZ2mmt_Fef_low_storagecost_20170630
d2mmit_Fef_25yr_gasretirement_20170630
d2mmt_Ref_high_der_20170630
d2mmt_Ref_high_load_20170630
dZ2mmt_Fef_flex_challenged 20170630

Add Selected
scenariofs)

—y

Add all

Remaowve Selected
Scenariofs)

-

Remaove all

Figure 5. Dashboard options for running a batch of scenarios.

Run scenario Batch

Scenarios to be Run

30mmi_Ref_20T70630
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3.1.4 DATA WORKSHEETS

The data worksheets show the underlying input data for each of the input toggles. The data input
worksheets are grouped by their respective overarching theme (SYS = System, Loads, REN = Renewables,

CONV = Conventional Generation, HYD = Hydro, STOR = Storage, DR = Demand Response, and Costs).

In these worksheets the following color-coding is used:

+ Yellow-shaded cells are raw inputs. These can be changed by the user, although it is advised to
keep the default inputs, and choose from any of the existing options through the scenario

toggles in the Controls tab.
+ Grey-shaded cells are intermediate calculations and should not be changed by the users.

+ Light-blue shaded cells show the data that is currently active, depending on the settings in the
Controls worksheet. E.g. if there is a “Mid”, “Low”, and “High” fuel cost trajectory (yellow-
shaded cells), and the user has selected the “Low” option for fuel costs in the Dashboard, the
light-blue-shaded cells will show the “Low” fuel costs (note that the user might have to

recalculate the worksheet).

+ Light-green shaded cells are typically the derived, final inputs that will go into RESOLVE.

Additional documentation of the contents of the data worksheets in the User Interface can be found in

the “RESOLVE Model Documentation: Inputs & Assumptions.”

3.2 Results Viewer

The Results Viewer allows the user to look at the summary results of a scenario of interest. It contains
five (groups of) worksheets: Dashboard, Portfolio Analytics, Scenario Comparison, Raw Summary

Results, and Lists.

© 2017 Energy and Environmental Economics, Inc. Page |19]
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3.2.1 DASHBOARD

The Dashboard worksheet is the main worksheet the user will interact with to look at the results of a

single scenario.

1. Refrash the list of scenrios with available razults Regroup Columns.

e show actual results

KEY SUMMARY STATS

Sommt e 20170830 ]

Retrieve Results of
Selected Scenario

Unic 2013 2022 2026 2030
s 5 32383 5 34840 § 37,492 5 41473
5 34307 5 37,501 5 4162 5 46,467
"5 11626 "5 13125 "5 14935 75 13130
171 186 210

202 01 384 243

38 3% as 725

1.0% 53 ag% 7.34

Unit 2013 202 2026 2030 25,000

Nuclzar

1700

1620 1620 180 433
- 9311 93 12230

%8 1018
2,808

shitt bR

In State Ranewables 1188 10486 10886 16252 0
76 478 a6 2000 2018 2022 206 2030

Figure 6. Results Viewer Dashboard

The Dashboard contains the following macro buttons:

+ The “Refresh List of Scenarios” macro lists all subdirectories that exist in the results directory.
Note that the existence of a scenario subdirectory typically means that there are results
available, but there are cases when there’s not, such as when a RESOLVE run is interrupted mid-

run. In that case, a results folder will be created for that run, but no results will be available yet.

+ After selecting one of the scenarios from the list under “Scenarios with Results”, the “Retrieve
Results of Selected Scenario” macro will load all summary results files into the appropriate

worksheets (named raw_ + file name) for the selected scenario.

Note that a common cause of errors is the fso.GetFolder() function in the VBA macro. If this function

raises an error, go to Tools > References > find and tick 'Microsoft Scripting Runtime'.
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The Dashboard worksheet also contains key summary results for the CAISO zone, such as the total
selected (i.e. chosen by RESOLVE) solar buildout, storage buildout etc. The worksheet also includes

graphs on the right side of some of the tables.

The year columns are grouped using Excel’s grouping functionality (see Data > Outline > Group), and can

“ u

be expanded and minimized by clicking on the “+” or signs in the columns sidebar, or by clicking on
the numbers (1,2) on the top left of the spreadsheet. Please note that expanding the grouped columns
will interfere with the formatting of these charts. If the user has created a RESOLVE scenario that looks
at a different set of years than the default case (2018, 2022, 2026, 2030), the “Regroup Columns” macro

will regroup the columns to show the representative set of years.

3.2.2 PORTFOLIO ANALYTICS

This worksheet contains more detailed summary tables that are pulled from the raw summary results

worksheets, and processed where necessary.

The results are grouped using Excel’s grouping functionality (see Data > Outline > Group), and can be

" o

expanded and minimized by clicking on the “+” or signs in the rows/columns sidebar, or by clicking
on the numbers (1,2) on the top left of the spreadsheet. If the user has created a RESOLVE scenario that
looks at a different set of years than the default case (2018,2022,2026,2030), the “Regroup Columns”

macro will regroup the columns to show the representative set of years.

The cells in this worksheet are color-coded as follows:

+ Light-grey shaded cells contain data that is pulled from the raw results worksheets

+ Dark-grey shaded cells contain data that is linked to other data in the Portfolio Analytics

spreadsheet.

© 2017 Energy and Environmental Economics, Inc. Page |21
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3.2.3 SCENARIO COMPARISON

This worksheet is set up so the user can easily compare summary results of multiple scenarios. It allows
the user to select scenarios of interest and to compare the summary results of these scenarios for a year
of interest. The summary results are the same as those shown on the Dashboard for an individual

scenario.

Scenario Cq i 1

2250
TIE ¢ w2 ¢ w2
EECTIR YR

a0 e Bt

Figure 7. Results Viewer - Scenario Comparison Worksheet

To compare a set of scenarios, follow the steps below:

1. Refresh the list of available scenarios by pressing “Refresh List of Scenarios”. This macro lists all
subdirectories that exist in the results directory. Note that the existence of a scenario
subdirectory typically means that there are results available, but there are cases when there’s
not, such as when a RESOLVE run is interrupted mid-run. In that case, a results folder will be

created for that run, but no results will be available yet.

2. [Optional] If necessary, remove any scenarios you don’t want to compare from the “Scenarios to

Compare” list by using the “Remove Selected” or “Remove All” Button.

Page |22]



Running Scenarios in RESOLVE _

a. The “Remove Selected” macro will remove the selected scenario from the list of
scenarios listed under “Scenarios to Compare”. Note that in this context, selected
scenario means the cell that is selected within the “Scenarios to Compare”. If a cell

outside of this box is selected, a warning will pop up and the macro will stop.
b. The “Remove All” macro will remove all scenarios listed under “Scenarios to Compare”.

3. Add scenarios of interest to the “Scenarios to Compare” list using the “Add Selected” or “Add
All” buttons.

a. The “Add Selected” macro will add the selected scenario to the list of scenarios listed
under “Scenarios to Compare”. Note that in this context, selected scenario means the
cell that is selected within the “Saved Scenarios Menu” box (not the value in cell D8). If a

cell outside of this box is selected, a warning will pop up and the macro will stop.

b. The “Add All” macro will add all scenarios listed under “Saved Scenarios” to the list of

scenarios listed under “Scenarios to Compare”.

4. Select a year of interest in cell I8 (shaded yellow). Please ensure that this is a year for which

there are RESOLVE results.

5. Compare all selected scenarios by pressing the “Compare” macro button. This macro will load
the summary results for each of the scenarios listed under “Scenarios to Compare” to the
Dashboard, and then copy the results for the year of interest to the Scenario Comparison table.
If you are comparing a lot of results, this might take a few minutes, as the “Retrieve Results of

Selected Scenario” macro on the Dashboard will be called upon many times in a row.

3.2.4 RAW SUMMARY RESULTS

The set of worksheets that start with “raw_" contain a copy of the raw summary results files for the
scenario of interest. Whenever the macro “Retrieve Results for Selected Scenario” is run, these

worksheets are updated.
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3.2.5 LISTS

This worksheet contains a set of lists to support the functions in this workbook. The user should not

change anything in this worksheet.

3.3 Dispatch Viewer

The Dispatch Viewer is a tool to easily look at the dispatch results of a scenario of interest. It contains 4

(groups of) worksheets: Dashboard, Curtailment, Transmission, Raw Dispatch Results, and Lists.

3.3.1 DASHBOARD

The Dashboard is the main worksheet the user will interact with. It contains the following macro

buttons:

+ The “Refresh List of Scenarios” button lists all subdirectories that exist in the results directory.
Note that the existence of a scenario subdirectory typically means that there are results
available, but there are cases when this is not the case, such as when a RESOLVE run is
interrupted mid-run. In that case, a results folder will be created for that run, but no results will

be available yet.

+ After selecting one of the scenarios from the list under “Scenarios with Results”, the “Retrieve
Results of Selected Scenario” button will load all dispatch results files (which are found in the
dispatch subdirectory of the summary directory) into the appropriate worksheets (named raw_

+ file name) for the selected scenario.

Note that a common cause of errors is the fso.GetFolder() function in the VBA macro. If this function
throws an error, open the VBA editor, go to Tools > References, and find and tick 'Microsoft Scripting

Runtime'.
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Refresh List of Scenarios

Scenarios with Results

30mmt_Geo_20170630
30mmt_Geo_25yr_gasretirement_20170630
30mmt_Geo_2x_aaee 20170630
30mmt_Geo_flexev_20170630
30mmt_Geo_high_btmpv_20170630
30mmt_Geo_high_buildelect_20170630
30mmt_Geo_high_pvcost_20170630
30mmt_Geo_high_storagecost_20170630
30mmt_Geo_low_btmpv_20170630
30mmt_Geo_low_pvcost_20170630
30mmt_Geo_low_storagecost_20170630
30mmt_Geo_mid_saee_20170630
30mmt_Geo_no_taxcredits_20170630
30mmt_00SWind_20170630
30mmt_005Wind_25yr_gasretirement_20170630
30mmt_005Wind_2x_saee_20170630
30mmt_005Wind_flexev_20170630
30mmt_DOSWind_high_btmpy_20170630
20mmt_0OSWind_high_buildelect_20170630
30mmt_00SWind_high_pwvcost_20170630
30mmt_005Wind_high_storagecost_20170630
30mmt_005Wind_low_btmpv_20170630
30mmt_00SWind_low_pvcost_20170630
30mmt_DOSWind_low_storagecost_20170630
20mmt_00SWind_mid_saee_20170630
30mmt_00SWind_no_taxcredits_20170630
30mmt_PS_20170630
30mmt_P5_25yr_gasretirement_20170630
30mmt_P5_2x_asaee_20170630
30mmt_PS_flexev_20170630
30mmt_PS_high_btmpv_20170630
30mmt_PS_high_buildelect_20170630
30mmt_PS_high_pvcost_20170630
30mmt_PS_high_storagecost_20170630
30mmt_PS_low_btmpv_20170630
30mmt_PS_low_pvcost_20170630
30mmt_PS_low_storagecost_20170630
30mmt_PS_mid_aaee_20170630
30mmt_PS_no_taxcredits_20170630
30mmt_Ref 20170630

1. Refreshthe list of scenarios with available results

2. 3elect a scenaric from this list and click on the "Retrieve Results of Selected Scenario” button
3. [optional] Enter a year and day (1-37) of interest, and recalculate spreadsheet [press F3)

Running Scenarios in RESOLVE

Mote: If you run RESOLVE and it crashes mid-run, a results folder for that scenario will exist, i.e. show up on list, but won't have actual results

Retrieve Results of
Selected Scenario

45,000
40,000
35,000
30,000
25,000

20,000

Dispatch (MW)

15,000

10,000

5,000

Figure 8. Dispatch Viewer Dashboard

[optional] Enter a Year and Day [1-37), and recalculate spr

Year 2030
32
Maonth 4

Retrieved Active Scenario

30mmt_Ref 20170630

mmm Curtailment
shift DR
m— Storage
Renewables
mmm Conventional DR
. Imports
Gas
W Large Hydro

s Muclear

Load

—-=---Load +Flex EVs +
Exports

After loading a scenario, the user can pick any year or day (between 1-37) of interest and view the

dispatch of each of the zones by pressing F9 (this will recalculate the worksheet). The battery dispatch in

CAISO is also shown at the bottom of the worksheet. The grey areas above and below the net dispatch

represent the upward and downward reserves that are offered. Please note that updating the

calculations can take up to a minute, as the raw_operations_by zone_tech_tmp worksheet is very large.

© 2017 Energy and Environmental Economics, Inc.
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Exports and/or flexible EV charging are shown by plotting both the load, and load + flex EVs + exports as
two lines. Anything between the load line and the load + flex EVs + exports line are exports and/or

flexible EV charging.

3.3.2 RAW DISPATCH RESULTS

2

The set of worksheets that start with “raw_" contain a copy of the raw dispatch results files for the
scenario of interest. Whenever the macro “Retrieve Results for Selected Scenario” is run, these

worksheets are updated.

3.3.3 LISTS

This lists worksheet contains a set of lists to support the functions in this workbook. The user should not

change anything in this worksheet.
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4 RESOLVE Model Detail

After RESOLVE has been run, a set of raw output files will be created in the appropriate subdirectory
(named after the scenario name) of the results directory. E3 has created a results viewer as well as a
dispatch viewer to support analysis of the model results. Advanced users may also review results

provided in the raw output files directly and do their own analysis.

4.1 Raw Input Files

When the user selects and runs a scenario from the User Interface, RESOLVE will generate a series of
text-based input files for the linear program. While running RESOLVE does not require users to
manipulate these files directly, users may wish to review their contents and structure. Each of the input

files to RESOLVE is described in Table 2.

© 2017 Energy and Environmental Economics, Inc. Page |27]
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4.2 Python Scripts

The input files described in Section 3.2 are read into a linear program formulated in Python to solve for
the optimal system capacity expansion. Users are not required to interact with Python directly to run
RESOLVE; however, users are welcome to review the structure and logic of RESOLVE’s formulation. The

Python scripts that make wup the RESOLVE model are summarized in Table 3.
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Assuming we are starting in yourdirectory, we can do this as follows on the command line (cmd.exe

in Windows):

>> cd resolve code

>> python run opt.py full run

The first line changes directory to resolve code. The second line runs the run_opt.py script with
test scenario as the script argument. The script will then create the full run results subdirectory,
get the model formulation, load data into the model to create a problem instance, call the solver, solve the

problem, and write results to the full run results subdirectory.

RESOLVE will use the CBC solver by default unless ana second optional second command line argument —
the name of the desired solver - is included. For example, to run the scenario full run with the solver
Gurobi, use this on the command line:

>> python run opt.py full run gurobi
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4.3 Raw Output Files

Output files in the root results directory are created by export results.py. Output files in the summary
directory are created by create_results_summary.py.
Note that the term ‘dual’ is used frequently to refer to the shadow price of a constraint. Technical note on

dual values: the reported values reflect real dollars in either hourly or annual quantities.

summary directory

The summary directory contains various aggregations and combinations of the data in the results files
described below. Only data in the summary directory is imported into the results viewer. Files in the root
results directory are not directly used in the results viewer, but are available when more detailed analysis

of results is required.

© 2017 Energy and Environmental Economics, Inc. Page |35]
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5 Using RESOLVE Outputs in Other
Models

To facilitate the adaptation of RESOLVE cases for use in other modeling platforms, RESOLVE produces a
series of .csv files summarizing key inputs and outputs in a format designed to allow benchmarking
against and input into other production simulation models. For each case run in RESOLVE, these files
provide detail on the assumed infrastructure buildout within CAISO over the time frame of the analysis
as well as supplemental data needed to represent those resources in production simulation modeling.

The contents of the PCM |Input Files package are summarized in Table 5.
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